FRET-FCS as a tool to evaluate the stability of oligonucleotide drugs after intracellular delivery.
The intracellular degradation of single-stranded, double-labeled oligonucleotides (ONs) was studied by following the disappearance of Fluorescence Resonance Energy Transfer (FRET) between the rhodamine green and Cy5 fluorophores attached to respectively the 3' and 5' end of the ONs. The green and red fluorescence intensities upon rhodamine green excitation were monitored using the ultra-sensitive detectors of a dual-color Fluorescence Correlation Spectroscopy (FCS) instrument. The ratio of the red to green fluorescence (R/G ratio) as obtained from such FRET-FCS measurements showed to give accurate information on the integrity of the ONs, without the need for additional auto- or cross-correlation analysis of the registered fluorescence intensity fluctuations. Intracellular measurements revealed that most of the 40mer phosphodiester ONs were degraded before they entered the nucleus. For the 20mer phosphodiester ONs, this degradation occurred more slowly, and both intact and degraded ONs entered the nucleus. For the 20mer phosphorothioate ONs, no intracellular degradation was observed during the measured time period. The sensitive detection of the intracellular fluorescence by the FCS setup will be particularly useful in situations where the expected fluorescence is too low to be detected by FRET-imaging as may occur after intracellular delivery of ONs by cationic carriers.